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SERIAL REPORTS CH START~UP EXPERIMENTS

73, The Suberitical Barometriec Coefficient of the BNL Reactor

By dJ, Chernick and I, Kaplan
February 1, 195]

Introduction.

The steady neutron level of the gubecritical BNL rexctor varies
as §/l=k where the source tern S is due principally to the spontaneous
fission of U238 and the factor 1/l is contributed by the suecessive
neutron generations ereated by multiplieation of the primary source, As
k approaches 1, the neutron level is greatly increased and hecones guite
sensitive to small changes in barpmeter, reactor termpeprature, ete, The
meusurenent of the baronetric coefficient of the suberitical reactor was
not originally on our experimental program but on the evening of August 23,
1950, while the reactor was terporarily idle at a loading of 387 chanpels,
the opportunity of conducting this experiment apose., The period of the
recctor, nmecsuréd 2t 17300 EST wos = 350 se¢, The reactor thus lacked
11,7 inhours of being eritical and the neutron level gould he expectad
to vory by about 10% during a pormal night run, The power outpub of the
resctor wos thergfore followed until the morning of August.2l., The run

w2s discontinued at 05330 EST due to the pressyre of more urgent work,

As far as could be deternined fron reactor instruients the
variation in the neutron level of the reactor during the experinent was

ontirely due to barometric chapges, Graphite and netal temperatures were




read froquently but little detectable changes jn the thernocouple readings
were recorded. The leteorology group cooperated by delivering accurate
barometric data. Ueather conditions for the experinents were normal.

A change of 1,5 nm Hg in tobal pressure was recorded during the night

and 3,8 mn in the partial nitrogen pressure, the larger change in nitrogen -
pressure being due to variabions in humidity. )

Theoretical Bstimnte of Baromgtric Coefficient

About 10% of the wolune of the BNL reactor is takopn up by voids
due to cooling charnels, experimental holes and the gentral gap., In
addition, the graphite structure is ?orous as is indicated by the fact
that the absolute density of gﬁaphita is 2.25 while the bulk density of the
reactor graphite is 1.69. Thus 25% of the remaining volune is theoretically
poro volume. The pores are quite small, the data of Fortunatow and
Rabinov.ritch'1 iﬁdicating that two=thirds of the pores are less than '.LO_'6
enn in rodius, Exporiments have shown that not all the pores are accessible
to gases, G.N.Thomase? using short graphite cylinders of various diameters,
found that the fraction of the theoretical pore volame that was accessible
decrensed from 0.92 to 0,80 for a range of rod diameters from 8 mm to 5 cn
respectively. Although there have been no experiments on larger blocks of
graphite, it is safe to assume that from 25 to 50% of the volume of the
BNIL, reactor is morc or less accessible to gtmospherie pitrogen,

The experiments of Thomas and others show also that the degassing
of graphite at any fixed temperatlre is a relatively slow process ( of the - |
order of on hour } and that tenperatures of about 100000 are required for
corplete degnssing. It appears likely then, that in addition to the
initial response of a ronctor to a baronctric. change thore will bo m

dolayed offcct due to the slow rato of diffusion of nitrogen through the graph:
-2-



pores, An additiomnl delay occurs in the response of the reactor itself,
the delay being of the order of the reactor period, In the present
experiment the reactor period was aboubt six ninutes and the effect wos
not serious,

The loss of reactivity caused by the presence of njitrogen in
the recaotor can be estimated from the formula

Sk-’:pKd'NF

where ¥ 18 the relative weight of nitrogen compared %o yranium, Kd is its
danger coefficient and the foctor F corrects for the fact that the nitrogen

acts at a higher average flux level, With currently accepted cross=sections,

Ky = %f%% x %ﬁ?&% = Ll2 ,
On the basis of 30% void volume, W = 1.02 x lO"3 and we estimnte that
Fx1,2, Homoe k= =5l x 1077 = =208 inhowrs. The ":heoreticall-
barometric coefficient is thercfore «0,3%6é inh/rm Ny or 0,27 inh/rm He,
Provious experinontal deterninations of the borometric cocfficient have
been higher but of sinilor magnitude,

The value of 1,86 barns which we havo used in obtaining the dmger
coefficiont of nitrogen is based on the value obtained with the Oak Ridge
pile oscillator., Tho old value of the danger coefficient given in the
Chicago Hapdbook is somewhat lower (1,0} and is basod on an absorption
crosg=soction of 1,7 b at 0,025 ov, It is interosting to note that Coluwbia
neutron spectroucter studics have counsistently givon larger absorption cross-
scetions for nitrogen. Thus siolkonian, Havens and RaimwatenB find obapture =

3,0 b.at 0,025 ov by assuming that the E-"l’/2 term in tho expenimental'

formula o = (3.6 + 0,148 E'L/E) borps per nitrogen ctom is entirely

thernal

=B



duc to cnpture. They attributo the l~rger cross-scctionbto the fiet tht

they use a gonscous rathor than o solid sample in their cxperimonts, If

this is true, the differenco botweon our eshimte of 0,27 inh/mm Hg for

tho brrometric coefficient and oxperimentnl values of nbout 0,1 inh/ru1 Hg

can be reconciloed. ,

Diurnnl Variation of Nitrogon in iir l

Althowgh the barometric coefficipnt of 2 reactor has always boen
cxpressed in torms of total atnospheric pressure, the offect on ronetivity
can bg atfributod only to the nitrogen contont of the air, Becauso of
hunidity changes, tho proportion of nitrogen in tho atmospherc can vary
sippificantly with time, Typieal diurmal varintions recorded at the
Motcorology station dt Brookhnven during o low prossure regine in \ugust arc
shown in Fig, 1. Both tho total ntmospheric prossurc and partial nitrogon
pressurc worc road at this station every half hour during tho present
experimonts and were then corrceted to reactor hoight. The corrclation
with tho noutron lovel of the renctor is shown in Fig, 2, Tha corrclation
with brrometor is apparent from the curves althoigh a nuch longer run and a
largor baromotric change is required for preciso vesults., The brrometric
offcct could also be inerenscd by londing o roactor closer to eriticnl. One
disadvantage in the lattor oasc is the consoquent incre~se in thoe ronctor
period,

Rosults of the Experiment

The decay curvo of the BHL reactor at nbout -17:00 EST is shown
in Fig, 3. The baronctor rcrding ~t 17300 vms 762,58 mn Hg ~nd the sane
ronding whs rocorded 1t 18:00, Tho noutron level had docransed to back-
ground (25 couts/10 soc intorval on a serle of 128) ~t 17345, A ton ninuto

practise count at this time gave 14,88,0 counts,

L=



Let n be the counts rocorded per 5 minute interval on a sealo

of 128, Ignoring the short rencter transients wo then have

ak a(1/n) a(1/n)
3¢ = ~(7u)(11.7) _.(_é./;._; ~8700 S

with k expressed in inhours,

In Fig, L we have plotted the derivative curve of reactivity

dk

3t ves t ) along with the dorivative pressure curves, Ir

against time ( =

the baroncter were the only factor effeeting the reactivity of the reactor,

the curves should be strictly psarallel, It can be scen, however, that the
reactivity curve is only roughly similar to the ethers,

A least squane fit yields n cpofficient of 0,42 T 0413 inh/mm Hg,
which is of the right»magnitudo. Howover, the corrclgtion of rcactiviﬁy
with nitrogen yields o coefficient of only 0,15 inh/mm Ne which is too
small, Ve intorpret this reswlt to indicate that under the conditions of
the experiment (no fans in oporation) thore wns little pixing of the air
within the reactor with outside air, Thus, although thero wis a rosponse
to changes in atnosphorio presure, the hunidity of the roactor romaincd
cssentially constant,

The linear portions of the curves shown in Fig. 2 wero likewise

- fittod by loast squarcs, The slope obtained for the total pressure curve

wvs Q,255 X 0,015 mm‘Hg/hr and that of tho neutron counting rate.7,20 T 0,59
count§/5 nin intorval/hr. The value of the barometric coefficicnt is therew

fore

- 07&2 x 2 = =0,148 inh/mn Hg

with 10% precision,

‘Scattcrgrams of the neutron counting rato agninst atmospheric

L)



pressure are shown in Figs., 5\ and 5B, 1In Fig, 5B the corrolation of tho
noutron count with the barometer ronding taken 20 ninutes carlier is shown,
The correlation appears to be somewhat improved if such a time lag is

introduced,

It is ovident that the precision of tho experimont couid be
groatly improved under better woather conditions, The reactivity changoes
oceuring during tho present experiment wore very small (Fig, L) ~nd it is
possible that small roactor temperature changes that were not picked up
by the r-clafively insensitive rooording instruments in usec can account for
tho incomplete corrclation between the baronetor and noutron lovel of the
reactor, licthods of improving the precision of the present exporinont have
been discussod but opportunities to repeat an oxperinent of this type

arc infrequent,

b
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SCATTERGRAM: NEUTRON COUNTING RATE
VS BAROMETER
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